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@ Information recording medium. 



@ In an opticai information recording medium, a 
protective layer containing a material not reacting 
with an active layer is disposed, and the composition 
ratio of this pM'otective layer is designed so as to 
increase the amount of tiie material not reciting with 
^the active layer near the tx)rder contacting witii the 
-^active layer, so tiiat degradation of the active layer is 
Q prevented. In this construction, the stability is main- 
fstained after repetition of recording and erasing cy- 
^cles over 1 million times. 
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Information recording medium 



BACKGROUND OF THE INVEIMTION 



1. Held of the Invention 

The present invention relates to an infonnation 
recording medium capable of recording, reprcxiuc- 
ing and erasing information by irradiation with laser 
beam or the lil<e. 



2- Description of the Prior Art 

The Icnown types of optical dislts include the 
write-once type di^ using a thin film of TeOx (0 < is 
X < 2.0) mainly composed of Te and Te02. Be- 
sides, chalcogenide alloys (for example. TessGeis. 
TeaiGeisS2Sb2) are Icnown as the materials ca- 
pable of recording infonnation by heating the thin 
film with laser beam to melt it and cooling rapidly 20 
to amorphize it. and erasing by heating it and 
cooling slowly to crystallize. Developments of in- 
formation recording medium capable of recording, 
reproducing and erasing infonnation by using such 
materials are t>eing promoted. For the purpose of 25 
increasing the thermal stability of the information 
recording mecfium, the stability of multiple cycles 
of recording and erasing, and optical at^sorption 
sensitivity or change of reflectivity by making use 
of ttte interference effect protective layers excel- 30 
lent in heat resistance are cfisposed on both sides 
of the active layer. When recording information by 
laser bean on such recording medium, the active 
layer is preliminarily crystallized, and then irradi- 
ated with a laser beam which is inten^tymodulated 3S 
conresponding to information and reduced to a 
beam diameter of about 1 um to be heated above 
the melting point of the active layer. After the 
heated part is cooled rapidly, the information is 
recorded as an amorphization mark. To erase the 40 
recorded information, the active layer is heated by 
a laser beam and is cooled slowly to crystallize 
again. 

The problem in the information recording me- 
dium subjected to the cycle of heating to melt 45 
rapid cooling and amorphizing, and tfie cyde of 
heating, slow cooling, and crystallizing is. above all. 
the variations of the signal quality due to the 
heating-cooling cycle. Causes of such variations 
include thermal and mechanical damages of the so 
activ layer due to quick repetition of heating and 
cooling over 400* C by laser beam inadiation. Be- 
sides, wh n the active layer is heated at)ove the 
melting point, a chemical reaction occurs between 
the components in th active layer and the compo- 



n nts in the protective lay r being in contact there- 
with, which may cause deterioration of the active 
layer. As a preventive measure of such deteriora- 
tion, for example, a protective layer composed of a 
mixture of chalcogenide compound such as ZnS 
as^d ZnSe and oxide such as SIO2 and Ge02 has 
been proposed in the Japanese Laid-open Patent 
Na 63-103453. 

However, even when such protective layer is 
provided, in repetition of heating and cooling of 
over 1 million cycles, the components of the active 
layer and components of the protective layer react 
with each other to increase the noise and change 
the reflectivity, causing deterioration of ttie record- 
ing and erasing cycle characteristic in the order of 
1 millbn cycles. 



SUMMARY OF THE INVENTION 

It is hence a primary object of tfie invention to 
present an information recording medium stable in 
the r^titive recording artd reproducing cyde 
characteristic of over 1 million cydes. 

To achieve tf^ above object, an information 
recording medium of the invention comprises an 
active layer for absortnng tight to write and erase 
information, and a protective layer formed at least 
on one surface of the active layer and having 
contained therein a material whk:h does not react 
witii the active layer, wherein a composition ratio of 
said material in the protective layer is hi^ier in an 
area near a surface contacting virith the active layer 
than in the remaining area. 

By ttws construction, the reaction t)6tween ttte 
active layer and ttte protective layer can be pre- 
vented. 

As a result, even in repetition of recording and 
erasing of over 1 million cycles, the information 
recording medium has a stable characteristic free 
from change in the reflectivity or increase of noise. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Rg. 1 and Rg. 3 are sectional views each 
showing a structure of an infonnation recording 
medium embodying the invention, and 

Rg. 2 is a cycle characteristic diagram of an 
information reconjing medium of an mbodiment of 
the invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 
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In Rg. 1. a substrate 1 may be a polycarbonate 
or other resin or glass plate having preliminarily 
formed thereon grooves or pit rows for laser beam 
guide. A protectiv layer 2 is formed on a surface 
of this substrate 1. This protective lay r 2 is com- 5 
posed of a dielectric lay r 3 and a reaction preven- 
tive layer 4. The dielectric layer 3 comprises ZnS 
mixed with about 20% of Si02. and it is fomned in 
a thickness of about 1500 A. On the dielectric layer 
3, the reaction preventive layer 4 comprising SlOa io 
is formed in a thickness of about iQQ t;^,^ A. An 
cictive layer 5 comprising Te-Ge-Sb is formed on 
the layer 4 in a thickness of about 200 to 800 A. 
On the active layer 5. a protective layer 8 com- 
posed of a reaction preventive layer 6 and a dielec- 
tric layer 7. same as the protective layer 2, is 
formed. Moreover, in order to enhance the sensitiv- 
ity, a refl^gvgj ayer 9 comprising Nl-Cr may be 
formed^orTthe prbtactive layer 8 in a thickness of 
about 400 A. Each of these layers can be formed 
by the vacuum d^)osition or sputtering method. It 
is preferable, In order to protect the thin film, to 
provide on the reflective layer 9 a protective sut)- 
strate 10 with an adhesive 11. 

The refractive index of SiOa is 1.46. When the 
protective layer is composed of a material high in 
the content of SIO2, which is small in the refractive 
index, it is difficult to increase the optical aljsorp- 
tion sensitivity of the recording medium or the 
change of the reflectivity by utilizing the interfer- 
ence effect. On the other hand, to increase the 
interference effect, the content of ZnS having a 
high refractive index of 2.4 may be increased, but 
when the content of ZnS becomes larger, the char- 
acteristic of the recording thin film deteriorates 
probably due to reaction of the active layer with 
free S or free Zn contained in ZnS. 

However, in this embodiment, reaction of the 
active layer 5 with the dielectric layers 3, 7 can be 
prevented by disposing the thin reaction preventive 
layers 4. 6 comprising (^^between the active 
layer 4 and the dielectric layer 2, and between the 
active layer 5 and the dielectric layer 7. Besides, a 
sufficient interference effect can be obtained by the 
dielectric layers 3, 7 high in ZnS content 45 

In order to prove the effects of the structure of 
the information recording medium of the invention, 
an Information recordirtg medium in the structure 
shown in Rg. 1, and an information recording me- 
dium in the structure without the reaction preven- so 
tive layers 4. 6 in Rg. 1 were produced and evalu- 
ated in the following conditions. Each infomnation 
recording medium was fonmed into a disk of 130 
mm in diameter, and was rotated at 1800 rpm, and 
an ov rwriting characteristic of a signal of f1 = 55 
3.43 MHz and a signal of f2 = 1.0 MHz was 
measured. The overwriting is a technique of si- 
multaneous erasing and recording, by the power 
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modulation of high power level and low power 
level, using a laser beam reduced to a circle spot 
of atx)ut 1 um, for forming and recording an ar- 
mophization mark at the high power level, and 
erasing by crystallizing the amorphization mark at 
the low power level. In this evaluation, the the high 
power level was set at 13 mW, and the low power 
level, at 7 mW. Rg. 2 shows recording-erasing 
cycle characteristic of the individual information 
recording media. As clear from Rg. 2. in the re- 
cording medium without the reaction preventive 
layers 4, 6, the reflection began to drop after about 
100,000 cycles, but the recording medium with the 
reaction preventive layers 4, 6 showed no drop of 
reflection even after 1 million cycles. That is, dete- 
rioration due to reaction of the active layer 5 with 
the dielectric layers 3. 7 does not occur owing to 
the barrier effect of tiie reaction preventive layers 
4, 6, and an information recording medium with 
stable characteristic was obtained even by repeti- 
tion of recording and erasing of more than 1 million 
cycles. 

Meanwhile, in this embodiment, Si02 was used 
in the reaction preventive layers 4, 6, but as a 
result of further continuation of experiment, similar 
/results as in the stmcture having the protective 
layers made of SlOz as shown in Rg. 2 were 
obtained by using, as the reaction preventive layer 
material, an oxide such as TazOs. Ti02, AI2O3. 
MgO. WO3 and Sn02. a nitride such as AtN, SiN, 
siaN*. TiN and ZrN or a cartride such as SiC, TiC, 
WO and ZrC. Besides, in the foregoing embodi- 
ment, ZnS-Si02 was used as tiie dielectric layer 
material and Ge-Te-Sb as the active layer material, 
but these are not limitative in the invention. For 
example, the dielectric layer may be also com- 
prised by a material selected from chalcogenide 
alloys including ZnSe. ZnTe, Pt)S. PbSe and PbTe. 
or a mixture of such chakx)genide with oxide, 
nitride or carbide, and the active layer may be 
made of an alloy such as Ge-Te arKi Sb-Te. or 
their mixture, or a chalcogenide alloy comprising a 
mixture of Ge-Te or Sb-Te with Te, Ge or Sb. 

Another emtwdiment of the Invention is de- 
scribed l)elow. In Rg. 3. on a surface of a substrate 
21 which Is tiie same as in tiie preceding embodi- 
ment a protective layer 22 mainly composed of 
ZnS as chalcogenide of metal, and Si02 as a 
material whfch does not form a solid solution with 
this chalcogenide is formed In a thickness of about 
1500 A. The composition ratio of ttie protective 
layer 22 is varied in the direction of the film thick- 
ness. That is, the composition ratio of the protec- 
tive layer 22 in the area near the border with an 
active layer 23 to be formed thereon is controlled 
so that th rate of SiOa may be 90% or more, and 
the rate of Si02 is decreased as going away from 
the active layer 23. Near tine bord r with th sub- 
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strate 21, the content of Si02 may be about 20%. 
On the protective layer 22, the active layer 23 
comprising Te-Ge-Sb is formed in a thickness of 
about 200 to 800 A. On the active layer 23, a 
protective layer 24 containing SiOz in the same 
way as the protective layer 22 Is formed in a 
thickness of about 1500 A. Furthermore, in order to 
enhance the sensitivity, a reflective layer 25 com- 
prising Ni-Cr may be formed in a thickness of 
about 400 A. As the thin film fonnning method, the 
vacuum depositton or sputting method can be em- 
ptoyed. It is preferable to provide on the layer 25 a 
protective substrate 26 with an adhesive 27. When 
the thus composed information recording medium 
is subjected to repetition of recording and erasing 
as in the foregoing emlxxJiment. the active layer Is 
subjected to rapid and repeated heating and cool- 
ing over 400* C. In consequence, the protective 
layers 12. 14 are also heated and cooled repeat- 
edly. 

When the protective layer is structured in 
multi-layers of different compositions, strains are 
caused due to difference in the coefficient of linear 
xpansion. end a discontinuous stress takes place. 
In particular, since the protective layer is made of 
highly brittle material such as ZnS and Si02. 
cracks are likely to be fonnned by repetition of 
heating and cooling for several million times, wfuch 
may cause increase of noise. 

In this embodiment, since tiie composition ratio 
of ZnS and SiOz of each of the (»t>tective layers 
22. 24 changes continuously, the strain is lessened, 
and fatigue failure hardly takes place. Furthermore, 
since the content of Si02 is set particularly high 
near the surface of the protective layer contacting 
the active layer 23. reaction between tiie active 
layer 23 and ttie protective layers 22. 24 can be 
prevented. As a result even after several millbn 
times of repeated recording and erasing, neither 
irK:rease of noise nor change of reflectivity is 
found, and an information recording medium of 
stable characteristic is obtained. 

Meanwhile, in this embodiment, as the materi- 
als for the protective layers 22, 24. ZnS and Si02 
were used, but tiie invention Is not limited to them 
alone. As the material of tiie metal chalcogenide, 
ZnSe. ZnTOi PbS. PbSe or PbTe may be used, 
aside from ZnS. As the material which does not 
form a solid solution witfi the metal chalcogenide, 
aside from SiOz. an oxide such as TazOs, Ti02, 
AI2O3. MgO, WO3 and SnOz. a nitride such as 
AlN, SiN, SiaN*. UN and Zri^, or a carbide such 
as SiC. TiC. WC and ZrC may be used. As tiie 
recording layer, alloys such as Qe-Te and Sb-Te, 
r tiieir mixture, or their mixture with chalcog nide 
alloy mixed witti Te, 6e or Sb may be used. 



Claims 

1. An information recording medium compris- 
ing an active layer for absorbing light to write and 

5 erase information, and a protective layer formed at 
least on one surface of ttie active layer and con- 
taining a material which does not react with the 
active layer, wherein a composition ratio in the 
protective layer is such that the ratio of ihe material 

70 is greater in an area near the border contacting 
with the active layer than the other area. 

2. An information recording medium according 
to claim 1. wherein ttie protective layer is mainly 
composed of a metal chalcogenide and a material 

IS which is not resolved in the metal chalcogenide. 
and the composition ratio in the protective layer is 
such that the ratio of the material which is rrot 
resolved in the metal chalcogenide is greater in the 
area near the border contacting with the active 

20 layer than the other area. 

3. An information recording medium according 
to claim 2. wherein ttie metal chakx)genide is a 
zinc chalcogenide. 

4. An information recording medium accordirtg 
25 to claim 3. wherein the zinc chalcogenide com- 
prises at least one member selected from ZnS. 
ZnTe and ZnSe. 

5. An infonmation recording medium according 
to claim 2. wherein the metal chak^ogenide is a 

30 lead chalcogenide. 

6. An information recording medum according 
to daim 5. wheroln the lead chakx)genide com- 
prises at least one member selected from Pt>S, 
PbTe and PbSe. 

35 7. An infonnation recording medium according 
to daim 1 , wfierein the active layer is mainly com- 
posed of a cfutlcogenide altoy. 

8. An information recording medium according 
to claim 7, wherein the chalcogenide alloy com- 

40 prises at least one memt>er selected from Ge-Te. 
Sb-Te and Ge-Te-Sb. 

9. An information recording medium according 
to claim 1. wherein the ratio of the material not 
reacting with the active layer is 90% or more in the 

45 area near the border contacting with the active 
layer. 

10. An infonnation recording medium accord- 
ing to daim 1, wherein ttie composition ratio of the 
material not reacting with thie active layer in the 

so protective layer increases continuously as ap- 
proaching tiie active layer. 

11. An infonmation recording medium accord- 
ing to claim 1. wherein the protective layer is 
mainly composed of a metal chalcogenide and an 

55 oxide. 

12. An information recording medium accord- 
ing to claim 11. wherein the oxide comprises at 
least one member selected from Si02. TaaOs. 
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TiOa, AI2O3. MgO. WO3 and SnCb. 

13. An information recording medium accord- 
ing to claim 1, wherein the protective layer is 
mainly composed of a m tal chalcogenide and a 
nitride. 6 

14. An information recording medium accord- 
ing to claim 13. wherein the nitride comprises at 
least one member selected from AIN, SiaNi. TIN 
and ZrN. 

15. An information recording medium accord- 10 
ing to claim 1, wherein the protectivo layer is 
mainly composed of a metal chalcogenide and a 
carbide. 

16. An infonmation recording medium accord- 
ing to claim 15. wherein the carijide comprises at is 
least one member selected from SiC. TIC, WC and 
ZrC. 

17. An information recording medium accord- 
ing to claim 1, wher^n the protective layer com- 
prises a reaction preventive layer formed on the 20 
active layer and comprising tfie material which 
does not react with the active layer, and a dielectric 
layer formed on the reaction preventive layer. 

18. An infonmation recording medium accord- 
ing to claim 17, wherein the reaction preventive 25 
layer comprises at least one oxide selected from 
Si02, TazOs, TiOz. AfeO, MgO. WO3 and SnOa. 

19. An information recording medium accord- 
ing to daim 17, wherein the reaction preventive 
layer comprises at least one nitride selected from 30 
AIN. SiaN*, TiN and ZrN. 

20. An information recording medium accord- 
ing to daim 17, wher^n the reaction preventive 
layer comprises at least or^ carbide selected from 

SiC, TiC, WC and ZrC. 35 

21. An information recording medium accord- 
ing to daim 18, further comprising a reflective layer 
formed on the dielectric layer. 
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FIG. 1 





FIG. 2 



with the reaction preventive layer 



without the reaction preventive layer 



10* 



10» 



10» 



Nuniaer of recording and erasing cycles 
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FIG. 3 




